The expression pattern of the a 1 -microglobulin/bikunin precursor (AMBP) gene, and its two protein products were studied in mouse embryos of 8.5-15.5 days of embryonic development by in situ hybridization and immunohistochemistry. AMBP mRNA is strongly transcribed in liver parenchyma, pancreas, and intestine epithelium. Sites of weaker expression are the vessels of the umbilical cord, the developing vertebral bodies, and kidney. The a 1 -microglobulin and bikunin proteins are accordingly present in developing hepatocytes, pancreas, kidney, and gut. However, additional sites of protein distribution were found that do not correlate to mRNA localization: a 1 -microglobulin was found in myocytes and bikunin in cardiac muscle, nervous system microvasculature, and connective tissue. Both proteins were found in brain mesenchyme and meninges. Thus, a restricted expression of the AMBP mRNA in a few organs contrasts to a widespread and unique distribution of each of the two proteins. q
Results and discussion
1.1. The a 1 -microglobulin/bikunin precursor (AMBP) gene and its two protein products
The AMBP gene codes for a polypeptide that gives rise to two different secreted proteins upon endopeptidase cleavage in hepatocytes (Å kerström et al., 2000) . One of the two proteins after cleavage, a 1 -microglobulin (a 1 m) is a glycoprotein that associates with other plasma proteins, and binds a chromophore formed during heme-binding and degradation (Allhorn et al., 2002) . a 1 m belongs to the Lipocalin family (Flower, 1996; Gutiérrez et al., 2000) , has immunoregulatory properties and is involved in heme-catabolism (Lögdberg and Å kerström, 1981; Allhorn et al., 2002) . Bikunin, the second protein, is a Kunitz-type proteinase inhibitor of the inter-a-inhibitor family (Salier et al., 1996) . Although proteolysis regulation is the presumed role of bikunin, other functions have been proposed (Fries and Blom, 2000) .
The transcription of the AMBP gene in liver has been reported using Northern hybridization and reverse transcription-polymerase chain reaction (RT-PCR) in several organisms (reviewed by Å kerström et al., 2000) , and by in situ hybridization in frogs (Kawahara et al., 1997; Zorn and Mason, 2001) . Likewise, the a 1 m and bikunin protein distribution has been studied by immunohistochemistry in a number of tissues Fries and Blom, 2000) . Liver, blood and kidney are the main sites of localization reported for these proteins.
As a first step to study the effects of altering the expression of a 1 m and bikunin in mice using gene targeting methodologies, we examined the expression pattern of the AMBP gene and the distribution of the a 1 m and bikunin proteins in mouse embryos of 8.5-15.5 days of embryonic development (E8.5-E15.5).
mRNA distribution of the AMBP transcript as revealed by in situ hybridization
The AMBP riboprobe hybridized to the hepatic primordium of whole-mount E8.5 and E9.5 mouse embryos (Fig.  1A,B) . A strong hybridization in liver was also obtained in cryostat sagittal sections of mouse E10.5, E11.5, and E13 embryos (Fig. 1C-F) . The developing hepatocyte hybridization is specific, according to the absence of labeling (Fig. 1G) . These results agree with the high abundance of AMBP transcript reported in the liver of many animals (Å kerström et al., 2000) . The prominent expression in liver appears to be due to the presence of a strong liver-specific enhancer (Rouet et al., 1998) in the AMBP gene. Starting at E10.5, AMBP is also expressed in the developing gut (Fig. 1C (arrowhead) , H) and pancreas (Fig. 1H) , and this expression is maintained throughout the developmental stages considered in this work. Other sites of moderate expression are the vessel epithelia of the umbilical cord (Fig. 1I ) and the sclerotomal condensations of vertebral bodies (Fig. 2J) . Very light AMBP expression was seen in kidney. No consistent expression was detected in the embryonic mouse nervous system, in contrast to the RT-PCR-detectable AMBP transcription reported in rat brain (Takano et al., 1999) . The use of riboprobes containing either the entire AMBP cDNA, or fragments encompassing the a 1 m or the bikunin coding sequences, rendered the same expression pattern (results not shown).
Immunohistochemistry with anti-a 1 m and bikunin antibodies
Two polyclonal antibodies were used to study the distribution of a 1 m and bikunin by immunohistochemistry in paraffin sections. a 1 m is present in developing hepatocytes ( Fig. 2A,C) and pancreas ( Fig. 2A) . Cells in the developing gut epithelium and intestinal villi express a 1 m (Fig. 2E,F) . A strong immunoreaction was observed in developing myocytes in the myotome at early stages of development (Fig. 2G,H) . Interestingly, only a subset of myocytes are labeled by a 1 m antibody (Fig. 2I) . a 1 m-positive myocytes are seen in every skeletal muscle (Fig. 2J) , and keep showing high levels of a 1 m throughout the development period studied in this work. No smooth muscle labeling was observed. The a 1 m labeling observed in skeletal muscle has been reported also in human fetuses (Lögdberg et al., 2000) . A moderate a 1 m labeling was obtained in the neuroepithelium (Fig. 2G) , but a strong immunoreaction was seen in brain mesenchyme (Fig. 2K) and meninges (Fig. 2L) . Interestingly, rat meninges have been shown to lack AMBP mRNA (Takano et al., 1999) . Finally, a light labeling was observed in developing blood cells (Fig. 2M) , and in kidney and perivisceral connective tissue (not shown).
Bikunin immunolabeling is seen in liver, pancreas and gut (Fig. 3A,B,D) . In liver hepatocytes, bikunin labeling appears more punctated (Fig. 3B) . However, bikunin protein is also strongly present in cardiac muscle (Fig. 3A) and blood cells of the lymphoid lineage (Fig. 3D) . Kidney tubules and pancreatic cells are seen containing strong bikunin immunoreaction (Fig. 3E,F) . A strong bikunin labeling is present in visceral connective tissue (not shown). In the nervous system, bikunin is observed at early stages of development around the spinal cord, in the migratory route of neural crest cells (Fig. 3G) . Starting at E11 and present through E15.5, strong bikunin immunoreaction is seen lining the walls in neuroepithelial blood vessels (Fig. 3H- ao, aorta; drg, dorsal root ganglion; h, heart; i, intestine; liv, liver; mn, meninges; ms, mesenchyme; ne, neuroepithelium; p, pancreas; v, cephalic vesicle; vb, vertebral column bone. J). Bikunin is present in newly formed capillaries (Fig. 3J) , suggesting a role of this protein in microvasculature formation in the neuroepithelium. Finally, bikunin is present in high amounts in the nervous system mesenchyme (Fig.  3H ,J) and meninges (Fig. 3K) .
Two major novel observations were made in this work. (1) A strong expression of AMBP mRNA is seen outside the liver, i.e. in the intestinal epithelium and pancreas. Liver is undisputedly the major site of AMBP expression (Kaumeyer et al., 1986) , and a weak expression has been reported in pancreas (Itoh et al., 1996) and intestine (Daveau et al., 1998) . (2) Both proteins are present in the central nervous system, especially abundant in meninges. Furthermore, an intriguing observation of this work is the distribution of a 1 m and bikunin in locations where mRNA is not detected, here or as reported elsewhere. Whether the proteins are synthesized in those locations by mRNA amounts undetectable by our techniques or the distribution is due to transport via blood needs to be solved experimentally. In the adult rat, however, a rapid distribution of intravenously injected radiolabeled a 1 m (Larsson et al., 2001) and bikunin (Sjöberg et al., 1995 ) from blood to tissues was observed, supporting the latter alternative.
It has previously been noted (Å kerström et al., 2000) that the two proteins are preferentially distributed to 'border areas' such as the intestinal villi, the renal filtration system, vascular basement membranes, etc. This notion is supported by the findings reported in this work.
Materials and methods
Mouse AMBP cDNA was kindly donated by Dr. J.-P. Salier (Chan and Salier, 1993) . PCR was used to create cDNAs encoding His-tagged a 1 m or bikunin, both using the signal peptide of the AMBP gene. The resulting PCR fragments were cloned into pVL 1392 or pVL 1393 baculovirus transfer vectors. a 1 m/pVL 1393 or bikunin/pVL 1392 and Bsu361-linearized BacPAK6 DNA (Clontech) were cotransfected into Sf9 insect cells (Invitrogen) and the subsequent infection was done as described earlier (Falkenberg et al., 2001 ). Purified recombinant a 1 m or bikunin proteins were used to immunize rabbits at Agri-Sera AB, Vännäs, Sweden. Anti-a 1 m or bikunin IgGs were purified using the BioLogic HR system (BioRad).
Immunocytochemistry was performed on 8-mm paraffin sections of mouse embryos fixed in 4% paraformaldehyde. We found that the a 1 m antigen was masked by paraffin embedding. Unmasking of the a 1 m epitope was performed by heating to 95 8C in 10 mM sodium citrate (pH 6.0), and allowing slides to cool for 25 min. Immunocytochemistry was performed as previously described (Martínez and Belmonte, 1996) . A biotin-conjugated secondary antibody and the ABC-HRP kit (Vector) were used to develop the immunocytochemical reaction. Preabsorption of anti-a 1 m or bikunin antibodies with recombinant proteins was used to assay labeling specificity.
Digoxigenin-labeled riboprobes were synthesized either from the entire mouse AMBP cDNA clone, or from fragments containing the a 1 m or bikunin coding sequences. Embryos were fixed in 4% paraformaldehyde and stored in methanol at 270 8C until processed. Whole-mount in situ hybridizations were performed according to Carpenter et al. (1993) . In situ hybridizations on 30-mm cryostat sections were performed as previously described (Myat et al., 1996) . Hybridization temperature was 63 8C, and riboprobes were used at 1 mg/ml. A sense probe was used to evaluate non-specific hybridization. The preparations were observed with a Leica microscope, photographed with a CoolSnap (Photometrics) camera, and processed with Adobe Photoshop.
